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Purpose: Most epidemiologic studies on chronic venous insufficiency (CVI) are cross- 
sectional surveys that suggest potential risk factors by describing their population. 
However, these relationships could be due to the CVI population's older age. We 
performed a dual case-control study with multivariate analysis to address this issue. 
Methods: Ninety-three patients with venous ulcers, 129 patients with varicose veins (VV), 
and 113 general population control patients from two hospitals were interviewed by use 
of a standardized questionnaire covering medical history, patient demographics, medica- 
tions, and lifestyle questions. Univariate and multivariate analyses were used to compare 
the groups. 
Results: Univariate analyses howed CVI to be characterized by several factors, many of 
which were found to be age related after multivariate nalysis. Age-adjusted relationships 
for CVI include male sex and obesity. Histories of serious leg injury or phlebitis were 
important associations resulting in a 2.4-fold and 25.7-fold increase in risk for CVI, 
respectively. After adjusting for age, subjects with VV tend to be younger and female, to 
more frequently have a history of phlebitis, and to report a family history of VV more 
frequently than control subjects, 
Conclusions: Many of the previously suggested associations found with CVI are in reality 
due to this population's greater age. Patients with CVI are older, male, obese, have a 
-history of phlebitis, and have a history of serious leg injury. These results uggest that a 
• ,prior deep vein thrombosis, either clinical or subclinical, may be a predisposing factor for 
CVI. (J VASC SURG 1995322:622-8.) 
Venous ulcers have a considerable impact on 
society. Most estimates of the point prevalence of  
chronic venous insufficiency (CVI) place 0.1% to 
0.2% of the population in developed countries at 
riskl ~ Chronic leg ulcers are a drain on both time and 
economic resources as a result of  their recurrent 
nature and the long-term therapy required to achieve 
healing. No less important is the impact on the 
patient with ulcers. The time expended on frequent 
visits to their physician or nurse, the potential for loss 
of  work, or even the decreased enjoyment of leisure 
activities during retirement all affect he patient's life 
in a prohibitive manner. 
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Although CVI has been recognized by physicians 
since the time of  the ancient Greeks, its cause remains 
unknown. 2Many of the epidemiologic studies pub- 
lished to date report the prevalence of  CVI while 
simultaneously suggesting potential risk factors for 
this disease on the basis of their frequency in their 
study population. Some commonly mentioned con- 
ditions associated with venous ulcers include older 
age, obesity, hypertension, heart failure, diabetes, 
rheumatoid arthritis, nephrosis, and a history of 
venous thrombosis3-* Because many of these diseases 
and characteristics are also associated with advancing 
age, the question of whether these factors are true 
associations for venous ulcers or in reality only an 
indication of  the older age of patients with ulcers can 
not be answered without a suitable comparison 
group that does not have venous ulcers. We have 
conducted a prospective dual case-control study to 
address this issue. 
METHODS 
Over the past 2 years we recruited 335 eligible 
candidates admitted to the Vascular Surgery or 
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Table I. Demographic and socioeconomic factors associated with CVI or VV: univariate analyses 
CVI  (n = 93) Control (n = 113) W (n = 129) 
Demographics 
Age (yrs.) 59 ± 1.6*t 48 ± 1.5t 43.7 ± 1.3" 
Obesity (kg/m 2) 30.4 +- 1.0"~- 27.2 ± 0.61- 25.6 -+ 0.5* 
Male sex 58%*~- 44%? 17.8%* 
Race (% white vs other) 51.6%t 50.4%t 70.6%* 
Socioeconomic factors 
Estimated family income (S) 25990 ± 1080~- 27765 ± 954t 31825 -+ 1398" 
College education 27.3%t 35.4%1- 52.6%* 
Lack of insurance 33.7%t 30.9%t 19.4%* 
*Statistically significant difference from control. 
tStatistically significant difference from VV. 
General Surgical Clinics at Boston City Hospital and 
The Boston University Medical Center Hospital into 
our study. Approval from the Institutional Review 
Boards at both institutions was obtained, and in- 
formed consent was acquired from each patient. 
Subjects under the age of 18, incapable of giving 
informed consent, or unable to speak English with- 
out an interpreter were not requested to join our 
study. Rates of refusal were not perceived to be 
different between the groups and represented less 
than 5% of the population requested to participate in 
the survey. 
Our case patient population was composed of 
patients with class II or class III CVI who were being 
cared for in the vascular surgery clinics. All ulcers or 
lipodermatosclerosis were screened by a vascular 
surgeon and were determined not to have significant 
arterial disease. Our venous diagnoses were based on 
the physical appearance of the extremities, without 
the aid of any additional diagnostic testing. Patients 
with varicose veins (VV) were selected as one of the 
comparison groups because they had venous incom- 
petency of the lower limbs but no evidence of CVI. 
Eligible patients were those attending the same 
vascular surgical clinic for assessment of their primary 
VV. Our general clinic control group was more 
indicative of the population of patients without 
vascular problems of the leg who attended these two 
hospitals. Any person from a general surgical clinic 
was included in the study provided they did not 
report any history of VV or leg ulcer. 
Surveys were administered to all eligible subjects 
by an interviewer who was blinded to the patient's 
diagnosis. Our questionnaire is 102 questions long 
and encompasses such areas as patient demographics, 
medical history, information on long-term medica- 
tion use, plus a few lifestyle questions. When 
responding to questions concerning medical history, 
all subjects were reporting whether amedical profes- 
sional had ever told them that they had the condition. 
Two approaches were used to address the asso- 
ciations for venous ulcers. Initial analyses compared 
patients with CVI with the control subjects. A second 
analysis was performed between the CVI population 
and our VV group. Finally, a determination of 
potential risk factors for VV was possible with the 
control population. Univariate statistical analyses 
included chi-squared analysis, Fisher's exact test, t 
test, or Wilcoxon rank sum test as appropriate. To 
assess simultaneously the impact of various risk 
factors, multivariate analysis was performed with 
logistic regression. 
RESULTS 
Univariate analyses 
Tables I and II summarize the results of our 
preliminary univariate analyses. Over the 2-year 
period of this study, we accrued 93 patients with 
venous ulcers, 113 control patients from general 
surgery clinics, and 129 patients with varicose veins. 
Table I shows patients with CVI to be the oldest of 
our study populations, with a mean age of 59 years. 
The general clinic population was 10 years younger 
than the ulcer group, and the patients with VV were 
the youngest of all. As might be expected, our 
measure of obesity follows this age distribution, with 
body mass index being greatest among the CVI 
group, intermediate in the control subjects, and 
lowest in the VV population. Almost 60% of the 
patients with ulcers were men, whereas control 
subjects were somewhat more likely to be women. In 
contrast, the VV population demonstrates a strong 
female predominance. Both CVI and control groups 
are equally distributed racially between white and 
other, whereas the W population is predominantly 
white. 
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Table II. Factors associated with CVI or W from the medical history: univariate analyses 
CVI  (n = 93) Control (n = 113) W (n = 129) 
Medical history 
Heart disease 
Diabetes mellims 
Hypertension 
Kidney disease 
Arfllrifis 
History of leg injury 
History of phlebitis/clot 
Current oral contraceptive use 
Past oral contraceptive use 
Number of  children 
Family history 
VV 
Leg ucler 
Lifestyle issues 
Years smoked 
Stand at work 
Exercise ( _> 2 times a week) 
22.6%~J - 9.8% 4.6% 
22.6%~" 15.0%'~ 2.3% ~ 
49.5%t 37.8%t 16.3% ~ 
4.4% 3.5% 2.3% 
19.7% 13.3% 13.9% 
54.8%~1 - 27.4% 17.8% 
45.6%~+] - 4.4%1- 24.2% ~ 
0%1- 6.3% 10.4% 
5.1%1- 14.3% 20.7% 
4.1 ± 0.61- 2.2 ± 0.2 2.3 ± 0.2 
42.7%~? 22.5%t 85.8% ~ 
28.9% ~ 11.2%I 23.9% +~ 
17 ± 1.71- 14 -+ 1.5]- 8.8 ± 1.0 ~ 
30.1% 36.4% 32.0% 
27.9%? 39.8%? 62.8% ~ 
~Statistically significant difference from control. 
tStatistically significant difference from W.  
Socioeconomic ssues have been reported to be 
associated with the development ofCVI. We decided 
to approach this point from several different angles. 
First, we estimated family income by use of United 
States census tract data to translate the patient's 
reported zip code into an approximate stimate of 
household income. The zip codes of patients with 
Ws  placed them in more affluent communities than 
those in which either of the other groups lived. In 
contrast, the census tracts of patients with ulcers and 
control subjects had similar incomes. The CVI and 
control groups also did not differ in degree of 
education, whereas the patients with Ws  reported a
greater ate of college attendance than either of the 
groups. When addressing the issue of insurance, any 
person who reported having any form of insurance, 
whether it was private, Medicare, or Medicaid, was 
indicated as being insured. Patients with CVI were 
the least likely of the groups to be insured. As might 
be expected, considering their better economic ir- 
cumstances, the patients with VV were most fre- 
quently insured. 
Table 1I demonstrates that the patients with CVI 
were diagnosed with some form of heart disease 
significantly more frequently than either the control 
or VV populations. There was no statistical differ- 
ence between the control subjects and patients with 
W for prevalence of heart disease. The CVI popu- 
lation also reported the most diabetes and hyperten- 
sion compared with the other two groups; however, 
the frequencies for control subjects and patients with 
ulcers were essentially equal. Patients with W had 
significantly fewer reports of these diseases than 
either of the other groups. Histories of kidney disease 
and arthritis were comparable among the three 
groups. 
Previous prevalence studies suggest hat factors 
that predispose to phlebitis may play a role in the 
evolution of CVI. In comparison with other reports, 
our patients with ulcers also frequently reported a 
serious leg injury such as a broken leg, burn, stab or 
gunshot wound, or a crush injury. More than 50% of 
our patients with CVI had a history of some form of 
serious leg injury, significantly more than the other 
groups. Control subjects were somewhat more fre- 
quently injured than patients with W,  but this 
difference was not significant. Patients with ulcers 
were also more likely to report a history of blood clot 
or phlebitis in either leg. The patients with CVI had 
the highest frequency (45 %) of past vein thrombosis. 
Patients with W also had a high rate of phlebitis, 
with almost 25% having a history, but this was 
uncommon among control subjects. In contrast, few 
of the control subjects had ever had a leg thrombus. 
Because of the survey nature of our study, we were 
unable to differentiate between deep and superficial 
venous disease. Among the most frequently cited 
causes of deep venous thrombosis are use of oral 
contraceptives and parturition. In this study, hor- 
monal therapy had no role in this process because the 
patients with ulcers rarely reported using these drugs. 
However, the female patients with CVI had given 
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Table III. Differences between patients with CVI and general clinic control subjects with multiple 
logistic regression analysis 
Variable Odds ratio 95% Confidence interval p Value 
Age (yrs.) 1.06/yr. (1.03-1.09) 0.0001 
Male sex 2.9 (1.3-6.4) 0.0082 
Obesity (bmi) 1.06/kg/m 2 (1.01-1.1) 0.014 
No health insurance 2.6 (1.1-5.9) 0.026 
History of leg injury 2.4 (1.1-5.2) 0.021 
History of phlebitis/clot 25.7 (7.6-86.5) 0.0001 
bmi, Body mass index. 
birth to significantly more children, averaging four 
children compared with two births among control 
subjects and patients with VV. 
We also tried to determine whether there was any 
genetic omponent involved in the pathogenesis of
CVI and W.  A family history of W was extremely 
common (85%) among patients with VV. Patients 
with CVI had half the family history rate of the W 
population, with even fewer of the control subjects 
having a family member with VV. When we inquired 
about a family history of leg ulcer, the patients with 
ulcers were most likely to report a family history, but 
this rate was similar to the rate of patients with VV. 
Again, the control subjects were least likely to report 
a family history of venous problems. 
Lifestyle issues could play a role in venous tasis. 
Smoking history, a well-known cardiovascular risk 
factor, was engaged in for longer intervals in the CVI 
and control groups (17 and 14 years, respectively) 
and was least frequent in the VV population. Some 
studies suggest hat jobs that require standing for 
prolonged periods of time may elevate the risk for 
both VV and CVI; however, all of our groups 
reported a similar frequency of standing. Routine 
exercise issuggested tobe protective for VV, but this 
group reported the highest frequency of exercise in 
this study. 
Multivariate analyses 
Table III summarizes the results of a multivariate 
analysis comparing the CVI group with the general 
clinic controls. Our multiple regression models were 
tested by including age and each of our other 
potential risk factors. Many of the factors that 
appeared ifferent on univariate analysis were not 
significantly different after adjusting for disparities in 
age. This analysis hows that the patients with CVI 
were older, tended to be male, and were more likely 
to be obese. The subjects with CVI were also less 
likely to have health insurance compared with control 
subjects. Even after taking these factors into account, 
the subjects with CVI were 2.4 times more likely to 
report a past serious leg injury. Most important, 
those reporting ahistory of phlebitis or blood clot in 
the leg had an impressive 25.7-fold increased risk for 
development of CVI. This analysis uggests that the 
greater tendency for the patients with CVI to have 
hypertension, heart disease, diabetes, or their in- 
creased frequency of childbearing, was simply a result 
of the greater age of the patients with CVI. After 
adjusting for age, no other diseases, medications, 
lifestyle, or economic issues appeared to be signifi- 
cantly associated with CVI. 
Table IV illustrates differences between the VV 
and CVI groups found by multivariate analysis. 
These groups were important to compare because 
both have venous insufficiency, but the VV group 
was free of ulcers or lipodermatosclerosis. Tables I 
and II suggest many differences between the two 
groups. However, many of these apparent associa- 
tions may have simply been the result of the 15-year 
age difference between these two groups. As the 
multivariate analysis in Table IV shows, subjects with 
CVI were older, more obese, and predominantly 
male. As in the previous comparison from Table III, 
patients with CVI were less likely to have medical 
insurance. After adjusting for these factors, those 
with a history of serious leg injury were 4.7 times 
more likely to have development of CVI. An 
interesting observation is that, although both com- 
parison groups have venous insufficiency, a history of 
phlebitis was not an important indicator after age was 
taken into account. Diabetes was the only medical 
risk factor that continued to show an association with 
CVI; however, it was only of borderline statistical 
significance. 
Table V summarizes differences between patients 
with VV and the general clinic controls when a 
multivariate analysis was used. Once again, the 
univariate analysis in Tables I and II suggested 
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Table IV. Differences between patients with CVI and patients with VV with multiple logistic 
regression analysis 
Variable Odds ratio 95% Confidence interval p Value 
Age (yrs.) 1.07/yr (1.04-1.1) 0.0001 
Male sex 8.0 (3.5-18.3) 0.0001 
Obesity (body mass index) 1.07/kg/m 2 (1.01-1.13) 0.014 
History of leg injury 4.7 (2.1-10. 5) 0.0002 
Diabetes mellitus 4.3 (0.99-I8.7) 0.052 
No health insurance 3.2 (1.3-7.7) 0.01 
Table V. Differences between patients with VV and general clinic control subjects with multiple 
logistic regression analysis 
Variable Odds ratio 95% Confidence interval p Value 
Age (yrs.) 0.96/yr (0.93-0.99) 0.004 
Female sex 5.0 (2.2-12.5) 0.0001 
History of phlebitis/clot 6.3 ( 1.8 -22.3 ) 0.0043 
Family history of VV 21.5 (10.0-46.3) 0.0001 
multiple differences between these two groups; 
however, when multivariate analysis was used to 
adjust for confounding, the only significant differ- 
ences were sex, a history of phlebitis, and family 
history of W.  Those with a history of phlebitis had 
a 6.3-fold increased risk of W.  An even more 
influential determinant for W was a family history. 
A person who reports a family history of W was 
21.5 times more likely to have development of W.  
DISCUSSION 
To our knowledge, this is the only epidemiologic 
study on CVI to use a dual case-control method 
where an adjustment for age was achieved by use of 
multivariate analysis. The important strength of the 
case-control study design over the cross-sectional 
studies that predominate in the literature is that the 
use of a comparison group allows one to test the 
hypothesis that the frequency of an exposure or 
characteristic found in the case group differs from 
what would be expected in a group of individuals 
without the disease. 
We selected two comparison groups because of 
the difficulty in finding one good control population 
for the patients with venous ulcers. The patients with 
VV represent an important comparison group be- 
cause they were physiologically similar to patients 
with CVI in that they had venous incompetence, 9 but 
these groups differ greatly in many other factors. The 
VV population tended to be younger and more 
affluent han the CVI group. In addition, the VV 
population was probably seeking medical care for 
cosmetic reasons. Consequently, by use of another 
comparison group such as our general surgical clinic 
control group, which was more comparable in 
background and referral patterns to the CVI popu- 
lation, it was possible to get a more complete picture 
of the cause of CVI. 
When comparing the characteristics of our CVI 
population with those reported in the prevalence 
studies that predominate in the literature, the fre- 
quencies of many of the proposed risk factors are in 
close agreement. However, our population differed 
from the others in a few respects. Most studies found 
that the prevalence of venous ulcers increases pro- 
gressively with age. In our study the median age for 
the venous ulcer group was 59 years of age, lower 
than the 70 years reported in Perth and 77 years in 
Skaraborg. 4,5 These discrepancies between our study 
population and others could be due to differences in 
subject enrollment. Because many of the cross- 
sectional surveys require locating and contacting 
their study population, they may be more biased 
toward the elderly. The retiree is more likely to be at 
home and more willing to spend the time required for 
these surveys than the employed population. We 
designed our study to be as convenient as possible for 
our participants, in the hopes that even people who 
are currently employed would consent o be inter- 
viewed. All of our patients complete our survey when 
they attend the clinic for assessment of their condi- 
tion or for its treatment and are not required to return 
for any other visits. Perhaps the fact that 46% of our 
subjects with CVI report being employed may 
explain the lower median age in our study. 
In addition these prevalence surveys report gen- 
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der distributions for venous ulcers that may vary from 
equally distributed to a preponderance toward 
women. Overall, our results showed more men 
diagnosed with venous ulcers than women 
(men/women 1.4: 1). Again, the reason for the 
disparity between our study and others is most likely 
due to our CVI population's younger age. Female 
longevity may bias the population survey findings 
away from men. A closer look at our study's 
age-specific distribution of sex demonstrates that this 
trend is not consistent over all ages. Below age 60, 
men were diagnosed with ulcers more frequently 
(men/women 2.4:1). In contrast, over age 60 our 
CVI population was primarily women (men/women 
1 : 1.2). This phenomenon was also detected in the 
Lothian and Forth study and in the 1977 Skaraborg 
Health Profile; 6'1° however, at 45 years and 40 years, 
respectively, their transitions occurred at slightly 
younger ages than in our study. This could be due to 
their inclusion of both arterial and venous ulcers in 
their study populations. 
Despite these descriptive differences in study 
populations, many of the frequently reported risk 
factors from the population studies were in agree- 
ment with those we found when comparing the CVI 
population with control subjects in univariate analy- 
ses. Even after adjusting for age in multivariate 
analyses, some of these commonly mentioned char- 
acteristics continued to be associated with venous 
ulcers. One of the most frequently reported risk 
factors for CVI in the cross-sectional surveys was 
obesity. 8'll13 This association could be a direct 
physiologic result of obesity acting as a predisposing 
factor for DVT; 14 however, it could also be repre- 
sentative of an age relationship. That obesity remains 
as a significant indicator in our model, even after 
adjusting for age, suggests that obesity may be a risk 
factor in its own right. 
Another area of speculation surrounds what role 
socioeconomic issues may play in venous ulcer 
development. 1~17 When we examined this issue, the 
only consistently significant indicator was a lack of 
medical insurance. This finding is plausible because 
the uninsured patient may be less inclined to seek out 
medical care in a timely or frequent enough manner 
to prevent or retard ulcer formation. However, there 
may be a temporal issue involved in this association 
because our inquiries about presence of insurance 
took place after the patient had development of the 
CVI. It is conceivable that these patients lost their 
insurance as a result of  their condition, that is, 
through a job change or loss, instead of the state of 
insurance being a predisposing factor. Thus, al- 
though this association is noteworthy, we view it 
with some caution. Despite the association for 
medical insurance, neither estimated family income 
nor level of  education was found to be predisposing 
factors for CVI in the multivariate model. These 
findings are consistent with those of Callum et al., ~s 
who did not detect any greater inclination toward 
ulcer development in their lower socioeconomic 
strata. 
The most provocative outcome of the CVI 
analyses was the consistent and strong associations 
found for patient reported histories of serious leg 
injuries or for phlebitis. These two factors are 
prominent in the prevalence studies, 3,4,12 and the 
hypothesis that a previous leg injury may result in a 
subclinical DVT and finally in ulcer formation has 
also been raised. 4,18,19 However, many o f  the most 
recent theories on the cause Of venous ulcers lean 
toward a more systemic cause for CVI Such a s 
leukocyte abnormalities or impaired fibrinogen ac- 
tivity. 2°'21 The results of our study suggest hat CVI 
may in fact be the result of a more local phenomenon 
rather than a systemic ailment. 
The presence of a general clinic control group also 
allowed us to inquire about risk factors for varicose 
veins. Several factors have been suggested as risks for 
VV such as parity, 22 prolonged standing, 2a heredity, 
and female sex. 22,24 Brand et al.2a have conducted a
population-based study on this disease, which also is 
the only attempt o date that adjusts for age. Their 
findings for women included obesity, sedentary 
lifestyle, and hypertension as defining factors for VV, 
whereas in men smoking history was a more impor- 
tant issue. 23 However, their study reported no 
information on history of leg injury, phlebit~, or 
family history of VV. In our study too, female sex was 
an important indicator for VV. The younger age of 
patients with VV in our study should be viewed in 
the context of comparison to patients with CVI. and 
general surgical patients. After adjusting forage; our~ 
other two indicators of  VV were a history of phlebitis 
and, most importantly, a family history of  VV, ,~e  
possibility exists that the discrepancies between ~:the 
two studies could be due to the addition of phlebitis 
and family history to our model. 
In conclusion, the results of this study show that 
CVI is associated with advancing age, male sex, and 
heart disease; however, these relationships are the 
result of confounding by age. The patient with CVt 
tends to be older, more frequently male, and more 
obese. After adjusting for age, patients with CVI also 
report a history of  significant leg injury and a history 
of phlebitis. The patient with VV is younger and 
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more frequently female. In addition, they also more 
frequently report a family history of VV and a history 
of phlebitis. Considering the fact that patients with 
CVI more frequently report a history of leg injury 
compared with the general control subjects and 
patients with VV, this study suggests that a prior 
DVT, either clinical or subclinical, may be an 
important predisposing factor for CVI. 
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